In order to perform maintenance on the outer walls of a high-rise building, including sweeping, painting and repairs, a device that enables the easy attachment/detachment of working equipment such as a gondola to the outer wall of a building is necessary. Though vacuum suction pads can be used to fasten equipment to a vertical wall easily and without causing damage to the contact surface, their suction force should be designed by considering both external conditions and the loads of working equipment.
In this study, an item of testing equipment was fabricated to measure the vacuum pressure and attachment force of a vacuum suction pad according to changes in compressed air pressure. In addition, the attachment forces were measured by varying the rate of the external load applied to the vacuum pad.
ATTACHMENT THEORY
A vacuum means an empty space from which air and other gases are absent or have been removed to a certain degree. A perfect vacuum, in which there is absolutely nothing in a given space, is impossible. Generally, a vacuum is the state of a space in which the gas pressure is lower than that of the atmosphere. Vacuum systems can be classified by the range of absolute vacuum pressure, as presented in Table 1 Two pneumatic cylinders were used to apply the horizontal and vertical loads to the vacuum pad, and load cells were installed to measure the loads between the cylinder and pad. A sliding block was installed at the crosspoint of two axes to apply the horizontal and vertical loads simultaneously. The vacuum suction pad was fixed onto the sliding block, which is moved by the cylinder. Fig. 2 shows the fabricated test equipment. Extra high vacuum Fig. 2 Test equipment of suction pad
COMPONENTS OF TEST EQUIPMEMNT

1) Tested Suction Pad
The suction pad used in the experiment was a VG Series of VMECA, as shown in Fig. 3 . The suction pad is based on an ejector, which removes the air in the pad using the kinetic energy of compressed air.
Ejectors are used to suck up and discharge, transfer or mix gases, liquids or powders. Unlike pump systems, they have no moving parts and their simple structure enables trouble-free operation. Table 2 MPa compressor was controlled by a pressure regulator to obtain the desired pressure. The measurement data were collected and saved using a DAQ from National Instrument.
To convert the measurement signals from the load cell, an SCXI-1314 terminal was applied to an SCXI-152, which is a strain measurement module. The environmental variables were monitored and stored at intervals of 0.1s using LabVIEW software. 
EXPERIMENT RESULTS
The suction performance test was conducted according to the following procedures:
a. Set the air pressure with the pressure regulator.
b. Move the suction pad on surface the concrete wall sample using the vertical cylinder. Firstly, to determine the maximum suction performance of the suction pad, the attachment force was measured by varying the pressure of the compressed air between 4 to 6 bars. Fig. 4 shows the graphic depiction of the attachment force according to changes in compressed air pressure. Table 4 presents the vacuum pressure in the pad and the attachment force at the respective air pressure.
The relative vacuum pressure of the suction pad was found to be between 350 ~ 540 mmHg. At this time, the maximum attachment force was between 179 ~ 277 N. Table 5 presents the vacuum pressures and maximum attachment forces at the load rates. 
CONCLUSIONS
In this study, a vacuum suction pad testing equipment was fabricated to measure the attachment force of the pad. and it could be confirmed that the higher the load rate, the higher the maximum attachment force.
However, the force was lower than 249 N, which was the maximum force under a static load, by about 50%. This means that the suction pad yields a higher attachment force under a static load than under a dynamic load. The results disclosed in this paper could serve as useful data when determining the specifications of suction pads to be used in gondola or robot systems for work on a building's outer walls.
However, further tests should be conducted on a greater variety of suction pads (in terms of their types and shapes) and wall surface configurations.
Further tests will be conducted to investigate the attachment forces on step, rib and embossing-type walls and under a vibrating load.
